A silkworm strain with dilute yellow larval color was derived from the F2 generation of a cross between YD4 lethal yellow (lem`/ +) and lemon (lem/lem). All F, larvae from mating this mutant (d-tern) with another dilute lemon mutant (i-lem)2', reported by Chikushi and Murakami (1961) , showed dilute lemon color. It was proved by the experimental results that these two genes are allelic and that this character is due to the presence of gene d-tern on chromosome II in addition to lemon
gene on chromosome III.
Thus, the genetic constitution of the lemon strain was confirmed to be tern/tern; +d-fern/+d-tern and that of dilute lemon strain tern tern; d-tern/ d-lem. In order to study the manifestation mechanism, the present experiments were carried out.
I. Materials and Methods
1) _lfeasuring o f the amount o f pteridines Larvae of normal strains, Daizo and P 22, lemon (tern/tern; tern tern; +d-1em/+d-1rm) and dilute lemons (tern/tern; d-tern /d-lem) strains were used as materials. For the separation of yellow pigments (2 amino-4 hydroxy-6 lactyl-7.8 dihydropterin) and isoxanthopterin two-dimensional paper chromatography was used. Full grown normal, lemon and dilute lemon larvae in the fifth instar were used.
The hypodermis taken from 5 larvae of each strain was dried and ground into powder. 100mg of powder and 0.7 ml of 0.5 N perchloric acid were mixed, and heated for two minutes on a water bath at 80°C. After centrifugation, 0.3 ml of each supernatant was placed on filter paper (Toyo-roshi # 51, 40 X 40 cm) and chromatographed ; as solvent a mixture of n-propanol and 1% aqueous ammonia (2: 1) for the first and 500 aqueous acetic acid for the second dimension were used. Each separated pteridine was eluted with 5% sodium bicarbonate solution.
The relative amounts of pteridines of each strain were estimated by the intensity of fluorescence. The standard fluorescence was determined by the solution of 0.5 1cg of synthesized isoxanthopterin in 1 ml of 0.500 sodium bicarbonate solution. As the yellow pigment is very unstable in alkali solution, the amount of this substance showing yellow fluotescence was represented by the quantity of its photo-decomposed pteridine, 2 amino-4 hydroxypteridine-6 carboxylic acid, showing blue fluorescence.
2) Measuring o f the amount o f isoxanthopterin o f single individuals Larvae of the normal strain (Daizo, P 22) and F, and F2 larvae showing normal appearance in the cross between normal and dilute lemon strains were used. To measure the amount of isoxanthopterin contained in the hypodermis of single individuals, each larva was cut open from the dorsal side and almost all of the inner organs were removed such as digestive tube, Malpighian tubules, adipose tissue, silkgland and others. The remaining hypodermal tissue was spread on a filter paper and dried. After drying the weight of each individual hypodermis was determined. Each larval skin was cut into two or three pieces, which were placed in a small test tube with 2 cc of distilled water and heated for 20 minutes on a water bath at the temperature of 95-100°C in order to extract isoxanthopterin.
The extraction was repeated twice and the total amount of isoxanthopterin in the extraction solution was measured by Beckman's spectrophotometer. According to a preliminary experiment with the powdered dried hypodermis a large part of isoxanthopterin could be extracted by first extraction in which water mixed with the powder was heated for 20 minutes on a water bath, while the amount of pteridine obtained by 2nd and especially 3rd extraction was small as shown in the following two tables. On the contrary, when total skin was used a large part of isoxanthopterin could be extracted by 1st and 2nd extractions. By both methods of extracting the amount of isoxanthopterin obtained by 3rd treatment is so small that it is negligible. The procedure is so simple that a large number of larvae can be examined for the determination of the amount of isoxanthopterin.
3) Measuring o f the activity of pterine reductase Various tissues taken from larvae, pupae and imagoes of normal, lemon and dilute lemon were used as materials. 0.6-1.0 g of fresh tissue was mixed with a phosphate buffer solution (pH 7.0) three times the tissue weight, homogenized under ice cooling and centrifuged at 12,000-18,000 r. p. m. according to the natureof the tissue cells. The supernatant was used as a crude enzyme solution.
The purified yellow pigment of lemon larvae having the genotype lem/lem` and purified sepiapterin from the sepia strain of Drosophila melanogaster were used as substrate.
The activity of pterine reductase of the enzyme solution mentioned above was measured according to the procedure described in my previous paper (Tsujita 1961) .
II. Experimental Results

1) Amount of yellow pigment
The amount of yellow pigment extracted from lemon and dilute lemon larvae in full grown stage of 5th instar is given in the following table. has been found in the enzyme activity between lemon and dilute lemon strains.
Using hypodermic and adipose tissue of the larvae with the genotype tern j tern;
i-tern /i-tern, Murakami and Chikushi (1961) tried to detect the activity of pterine reductase by a simple method which is different from ours. They concluded from their experimental results that a gene, i-tern, plays the role of a suppresser of enzyme activity. However, so far as our repeated experiments carried out using larvae with the genotype tern tern; d-tern %d-lent are concerned a suppressing role of gene d-lent could not be proved.
4) The amount o f isoxanthopterin in single individuals
Although the amount of yellow pigments contained in the hypodermis of dilute lemon larvae is much smaller than that of lemon ones, the activity of pterine reductase in the hypodermis of the former is weak or very weak just like that of the latter. Therefore, it was necessary to determine exactly the amount of isoxanthopterin and its ratio to hypodermis weight in single larvae with genotype +1/+1: P "d-tern/ d-lem which were expected to segregate in the F2 generation of the cross between individuals with genotype +1/+1; emem+1/+1 d-cmd-em and those with genotype lem/lem; d-lemd-lem. The following experiments were carried out. i) Difference in the amount o f isoxanthopterin among races or strains Using 30 larvae at 4th day stage in 5th instar of several races and strains, the amount of isoxanthopterin contained in their hypodermis was determined.
It was found from the experimental results that the amount of isoxanthopterin varies from race to race or from strain to strain. An example is given in the following table.
As shown in table 5 the weight of hypodermis of three strains gives relatively not widely differing values, but isoxanthopterin amount and its ratio to hypodermis weight, especially the former, differ considerably.
ii) Change in the amount o f isoxanthopterin in developmental stages
Using P 22 and the hybrid between Daizo and dilute lemon strain, the amount of isoxanthopterin contained in each larva in the course of development from 3rd day of 3rd instar to the end of 5th instar was determined. There was variation in the size of larvae, so that the weight of hypodermis of each individual and the ratio of Changes of isoxanthopterin amount, hypodermis weight and ratio amount/hypodermis weight are represented by three curves. 3.3: 3rd day of 3rd instar 3m: 3rd moulting stage m : immediately before maturation stage isoxanthopterin small amount with respect to isoxanthopterin amount and its relation to hypodermis weight.
5) Results of the cross between normal and dilute lemon strains
Experiments to investigate variation in the amount of isoxanthopterin produced in single F, larvae of the hybrid between normal and dilute lemon strains were carried out in the following way. Using several batches of P 22 and Daizo as normal materials, variation in the amount of isoxanthopterin contained in the larval hypodermis of each strain was examined on individual basis at the 4-5th day of 5th instar.
An example of the experimental results is given in Fig. 4 , showing normal quantitative variation. Six batches of the F, hybrid between normal and dilute lemon strains were reared and the amount of isoxanthopterin contained in each larva was measured at the stage of 5th instar. According to the experimental results the mean value of the amount of isoxanthopterin became higher than in the normal parent, and its variation was similar in all batches. One of the experimental results is shown in Fig. 5 .
In the F, generation normal, lemon and dilute lemon segregated. Although during the younger larval period from the beginning of 1st instar to the middle stage of 3rd instar larvae with the genotype lem/lem; +d-lem/+d-lem and those with the genotype lem/lem; d-lem; d-lem showed almost the same dark yellowish color, the latter became very dilute yellow in comrarison with the former which showed yellow body color during the period from the end of 3rd instar to the full grown stage of 5th instar.
Therefore, in this period discrimination between them is very easy. The results of the experiments carried out with respect to segregation in the F, generation are shown in the following table.
As shown in table 7, in the F2 generation of the cross between normal and dilute lemon strain normal, lemon and dilute lemon larvae segregate. As stated above, the an example of the experimental results in which a continuous variation with one mode was observed in the amount of isoxanthopterin. Although a number of batches in the F2 generation of the hybrid between P 22 and dilute lemon and the hybrid between Daizo and dilute lemon strain were examined, we could not confirm segregation of individuals producing very small amounts of isoxanthopterin due to the genotype +1/+1; cmemd-lem/d-lem. 6) Injection of AHP into the body cavity of 5th instar larvae A small amount (0.2cc per individual) of 2-amino-4 hydroxypteridine (AHP) in the concentration 3001ug/ml was injected into the body cavity of each of 30 normal and 30 dilute lemon larvae at the 3rd day of 5th instar and the amount of isoxanthopterin produced in the hypodermis was successively measured after 1, 2, 4, 8 and 24 hours. The experimental results are given in the following 
III. Discussion
In the dilute lemon larvae the activity of pterine reductase acting on the step from yellow pigment (dihydropterin) to tetrahydropterin is very weak and the production of isoxanthopterin is very small just like that of lemon larvae. In spite of this fact the amount of yellow pigment which accumulates in the hypodermis of the former is very small, amounting to about one third of that of the latter. To explain this small accumulation of yellow pigment in dilute lemon larvae two possibilities may be assumed as shown in Fig. 7. B) 1) , 2). One of them is that owing to the defective function of the d-lem gene, the amount of the precursor of yellow pigment is small. The other possibility is that though the yellow pigment is normally produced, a large part of it is lost from the hypodermal cells owing to some defect caused by the d-lem gene in the system keeping this compound within the cells. If the first assumption were correct, the production of isoxanthopterin in the hypodermal cells of larvae with the genotype + 1em/ + 1. m; d-lem/d-lem should be considerably smaller than that in larvae with the genotype +1em/+1em; +d-1em/+d-lcm. To test this possibility a cross between normal and dilute lemon strains was carried out, and whether or Weber (1959, '60) described a method of genetical analysis of characters showing continuous variation on the Mendelian basis and illustrated it by a simple example of inheritance of cotyledon size in two varieties of tomato. The total measurement method used by Weber could not be applied in our case, because one of the parents is the dilute lemon strain homozygous for lemon genes.
To obtain a pure strain with the genotype + !em/ + !em' d-lem/d-lem is not easy and the measurement of isoxanthopterin amount in larvae of this strain has not yet been carried out. However, so far as our experiments carried out by single measurement method are concerned, the F2 individuals showed always continuous variation with one mode and no evidence for an inhibiting action of d-lem gene on the production of some precursor of yellow pigment could be found. Recently Hubby (1962) reported about the lix mutant of Drosophila melanogaster
In the testes lix is characterized by sharply reduced amounts of isoxanthopterin.
This mutant contains a blue fluorescent compound not previously found in this insect.
The evidence is presented which indicates a metabolic lesion in the mutant prior to the synthesis of 2 amino-4 hydroxypteridine. Unlike this lix mutant of D. melanogaster, d-lem gene in Bombyx mori does not participate directly in the biochemical reactions of pteridine metabolism.
Consequently, it would be more plausible to assume that the gene +d-!em controls the system which keeps yellow pigments in hypodermal cells and that a large part of them is lost owing to a defect of this system caused by the d-lem gene. Dilute lemon larvae show so light yellow color that at a glance they resemble normal larvae.
Permeability of cell membranes of hypodermal cells may be considered as a factor in their losing yellow pigments. However, as mentioned before, experiments using AHP showed that the amount of isoxanthopterin contained in the hypodermal cells of normal and dilute lemon larvae could not be changed by injection of AHP into the body fluid. It does not seem that permeability of the hypodermal cells of larvae is an important factor determining the extent of accumulation of yellow pigment.
It is inferred that protein is an important factor in combining and keeping yellow pigments within hypodermal cells. According to Aruga (1950) yellow pigments are contained in minute clavate particles and uric acid in spherical granules.
They disappear with approaching maturation stage of larvae. According to observation in the hypodermal cells of the lethal yellow larvae yellow pigments are contained in particles or spherical granules scattered in the cytoplasm. Therefore, it is reasonable to assume that yellow pigments are kept in combination with a certain protein in the cytoplasm.
Generally speaking, to extract yellow pigments completely from hypodermal cells is not easy. This seems to be due to the fact that the pigment is combined with a protein in the hypodermal cells. It seems that in dilute lemon larvae the ablity of the protein to combine and keep yellow pigments, decreases markedly owing to its abnormality caused by the d-lem gene.
Recently, using several genes with respect to translucent larval skin in the silkworm, Doira and Chikushi (1962) demonstrated that these genes induce changes in the residue of amino acid components of soluble proteins. They assumed that translucent hypodermis is due to the decrease of absorption ability of uric acid caused by some change of protein structure in the hypodermal cells. Furthermore, Doira and Chikushi (1962) proved that the same translucent phenotype of the larval skin can be induced artificially in larvae after feeding them 2 days with mulberry leaves painted with melamine solution. Similar phenomenon could be observed in lemon larvae which ate the treated mulberry leaves; when 1 % melamine solution was used from the beginning of 3rd, 4th or 5th instar, the larval hypodermis became translucent after 2 days, and at the same time the yellow color disappeared because the pigments were lost from the hypodermal cells. Supposing that like uric acid yellow pigment is absorbed and kept in certain proteins in the hypodermal cells, a hypothetical explanation for the phenomenon above stated is as follows: When melamine enters into the hypodermal cells it reacts with certain proteins which are able to absorb uric acid or yellow pigment. As the consequence of this reaction a large part of uric acid as well as yellow pigment become released from the proteins and pass through the cell membrane into the body cavity. The phenocopy described above suggests the manifestation mechanism of the d-lem gene. However, we must assume that there is a differentiation in the proteins which absorb and keep uric acid or yellow pigment under the control of specific genes. Summary 1. A silkworm strain showing dilute yellow larval color was found and the ge-netic constitution of this strain was confirmed to be lem/lem; d-lem/d-lem, whereas that of lemon strain was lem/lem; +d-lem/+d-fem The d-lem gene belongs to the 2nd linkage group, and is allelic to the i-lem gene.
2. For the purpose of studying the manifestation mechanism of dilute lemon gene (d-lem) experiments were carried out.
3. The amounts of yellow pigment obtained from lemon larvae is about three times as large as that from dilute lemon larvae.
4. The amount of isoxanthopterin obtained from lemon larvae as well as from dilute lemon larvae is much smaller than that obtained from the normals. Furthermore, it was found that the hypodermis of dilute lemon larvae contains a smaller amount of isoxanthopterin than that of lemon larvae. 
None or very weak pterine
